INTRODUCTION
============

Bone mass accumulation starts right from the fetal period and steadily increases through to pregnancy. Bone mineral density (BMD) is the result of a dynamic process for the formation and reabsorption of bone tissue, known as remodeling, which takes place throughout life in cycles, each four to six months in length. BMD maintenance is very important for the prevention of osteoporosis, which, together with other factors associated with age, could lead to a higher occurrence of fractures. Although bone loss is more evident and more intense in women, men also show some decrease in bone mass with age.[@B1] ^,^ [@B2]

Among the different courses of treatment, physical exercise is still considered the most efficient of the nonpharmacological strategies for the maintenance or increase of BMD. Bone tissue is positively affected by exercises promoting adaptations through stimuli, mainly mechanical, which contribute to bone formation. Therefore, exercise regimes including resistance and impact training are considered as the main nonpharmacological strategies for bone formation and maintanence.[@B3]

As BMD is a measure of bone mineral status, it can also be influenced by various factors such as body composition,[@B3] genetics, hormonal state, exposure to sunlight, eating habits, and lifestyle. BMD is also closely associated with sport practice, which plays an important role in the development and maintenance of lean and bone mass.[@B4] ^,^ [@B5]

In adult athletes, there is evidence that BMD is associated with sport practice during teenage years, and long-term training could lead to an increase in BMD.[@B6]

The effects of sport practice on BMD vary depending on the sport practiced and the intensity of the impact.[@B7] Activities with body overload have the ability to boost the increment in bone mass, as the skeleton self-organizes itself according to the load coming from the specific sport. The involvement of different segments of the body also helps to increase BMD values.[@B7]

Therefore, the purpose of this study was to evaluate BMD and body composition over a six-year period in elderly long-distance runners.

MATERIALS AND METHODS
=====================

This was a cohort study conducted over a six-year period and was developed by the Orthogeriatric Group at IOT-HCFMUSP (CAPesq no. 1167/06) in association with Universidade São Judas Tadeu.

Sample
------

We analyzed the medical records of elderly athletes who were long-distance runners, were participants of the Orthogeriatric Group of IOT-HCFMUSP, and had undergone BMD evaluation between 2001 and 2007; of these athletes, 11 were selected. The inclusion criteria were that the participants should be long-distance runners, should not stop long-distance running during the six-year period, and should have undergone BMD and body composition evaluations performed by the same physician by using the same machine in the Radiology Department of the IOT.

Evaluation of BMD and Body Composition
--------------------------------------

Body composition was evaluated using bone densitometry with dual-energy X-ray absorptiometry with a LUNAR-DPX device (Madison Corporation, USA) by trained professionals.

Statistical Analysis
--------------------

Data were analyzed using SPSS 20 software and presented using means and standard deviations. The Shapiro-Wilk test was used to determine whether the continuous quantitative variables were normally distributed. The paired *t*-test was used to compare dependent samples. Statistical significance was set at 5%.

RESULTS
=======

Over the six-year study period, the subjects maintained the same volume of training, and there was a significant difference only in their age and years of experience ([Table 1](#t1){ref-type="table"}).

###### Age, running experience, and training volume of elderly long-distance runners over a six-year follow-up period.

                          2001         2007         p
  ----------------------- ------------ ------------ ----------
  Age (years)             65.5(5.2)    71.5(4.9)    ≤0.001\*
  Frequency/week (days)   4.2(0.9)     4.0(0.7)     0.465
  km/day                  9.9(1.2)     9.3(1.6)     0.258
  km/week                 43.3(14.1)   38.0(11.3)   0.322
  Experience (years)      17.1(4.3)    23.1(4.0)    ≤0.001\*

Paired *t*-test. *p* ≤ 0.05\*. km - kilometers.

Moreover, BMD was maintained in the subjects ([Figure 1](#f1){ref-type="fig"} and [Table 2](#t2){ref-type="table"}), and no statistically significant differences were observed in BMD.
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###### Bone mineral density and body composition in elderly long-distance runners over a six-year follow-up period.

                  2001              2007               p
  --------------- ----------------- ------------------ ---------
  BMD             1.15(0.1)         1.18(0.1)          0.536
  Fat (%)         16.7(5.7)         19.0(4.5)          0.003\*
  Tissue (g)      60762.9(5087.7)   56317.7(16729.3)   0.390
  Fat (g)         10255.1(4017.0)   10684.2(4357.6)    0.756
  Lean (g)        50507.8(4268.9)   45633.5(13637.2)   0.209
  BMC (g)         2709.0(408.9)     2462.1(748.6)      0.206
  Total Calcium   1029.0(155.3)     934.9(284.5)       0.204

Paired *t*-test. *p* ≤ 0.05\*. BMD - bone mineral density; g - grams; BMC - bone mineral content.

In addition, body composition remained constant, but there was a significant increase in only the fat percentage in the subjects ([Table 2](#t2){ref-type="table"}). In 2001, there was no correlation between the number of training sessions per week and BMD; however, in 2007, there was a significantly positive correlation between the two variables, suggesting that BMD increased when the weekly training load increased. ([Figure 2](#f2){ref-type="fig"})
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DISCUSSION
==========

The main finding in the present study was that in elderly long-distance runners, BMD and body composition were maintained, but the fat percentage increased over a six-year period. This suggests that long-distance running seems to have a positive effect on the maintenance of these variables, and it is necessary to increase the stimulus in order to increase BMD.

BMD is reported to decrease with age,[@B3] but in the present study, BMD remained stable, showing just a slight nonsignificant increase over a six-year period. Moreover, none of the athletes showed any signs of osteopenia or osteoporosis in a study by Nowak et al.,[@B8] comparing male long-distance runners and male nonathletes. Further, sport practice induced beneficial effects and helped maintain BMD.[@B9]

Bone mass may be maintained and its decrease may be prevented in athletes who participate in endurance activities such as middle-distance and long-distance running and undergo training for long periods,[@B10] because the distribution of plantar pressure occurs through a "*mata-borrão*" movement, in which the body weight of the athlete travels across the entire foot, from the heel to the tips of the toes.[@B11]

It should be considered that athletes and people who engage in physical exercise have better bone mass than those who do not engage in physical exercise; this is owing to the mechanical overload on the bone, inducing the formation of osteoblasts, piezoelectric effect, and the same mechanism of traction of the muscles on the bone.[@B3] However, studies have shown that after a certain BMD peak is reached, there is no further improvement in bone mineralization unless there is an increase and modification of the stimulus.[@B12] Indeed, results of the present study show that only an increase in the stimulus leads to an improvement of BMD. In contrast, cessation of training leads to worsening of the quantity and quality of bone tissue.[@B13]

With regard to body composition, we observed an increase in the fat percentage, which is in line with the findings reported by Alonso et al.,[@B14] who affirmed that body composition changes significantly in elderly individuals, including the increase and redistribution of adipose tissue. This distribution increases progressively within the abdominal cavity and is less pronounced in the limbs.

In the present study, despite the significant increase in the fat percentage over the six-year period, the athletes had low body weight, characteristic of long-distance runners, and the fat percentage was a borderline value of the normal range. In a study performed by Prouteau et al.,[@B15] low body weight and weight loss were associated with a low BMD level, caused by a decrease in the mechanical load on the skeleton;[@B16] ^,^ [@B17] compared to men with a sedentary lifestyle, runners and cyclists were reported to have a fairly low body weight and inconsistent BMD levels.[@B18]

In the present study, we evaluated the subjects from a gerontological perspective over a six-year period. These elderly athletes may have a reduced risk of osteopenia and osteoporosis because of their healthy lifestyle.[@B19] ^,^ [@B20]

The main contribution of this study is related to understanding the applicability of exercises to BMD. Long-distance running is a good activity for maintaining bone mass; however, it is necessary to increase the stimulus in order to improve BMD.

CONCLUSION
==========

Long-distance running may maintain BMD but may lead to an increase in the fat percentage in elderly runners.
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